Three dimensional vocal tract shapes of three males and rhree females were measured from the magnetic resonance images that were taken during sustained phonation of the five Japanese vowels. Dimensional differences in the vocal tract length of the subjects were quantitatively measured by dividing the entire vocal tract into the oral, the pharyngeal and the laryngeal sections. To investigate main factors that contribute to the differences of the formant patters, uniform and non-uniform normalintion methods were applied to the vocal tract shapes. The formant frequencies were also computed from the normalized area functions and compared.
INTRODUCTION
There are a large difference of formant patterns of an identical vowel between males and females [l-31. This difference has been ascribed partly to group characteristics of the anatomical structure of the vocal tract [2] . It is also well known that differences exist even in the same gender group [ 1-31. These phenomena have made the problem much more difficult to get an obvious relation between the auditory perception of the same vowels and the acoustic parameters of f m a n t frequencies phonated by different speakers.
In order to find a reasonable solution to the problem of invariant nature of the vowel, more systematic data are needed at the levels of articulation and formant frequencies.
In the meantime, for the purpose of vowel recognition, Kasuya [6] observed that the ratio of the pharyngeal length to the mouth cavity length is greater for males than for females and that laryngeal cavities are more developed in males. Fant explained that non-uniformityin the formant pattems between males and females is the result of nonuniformity in these VT dimensions. Nordstrom [7] used data reported by Chiba and KBjiyama [6] and Fan@] to simulate a number of different articulations by using uniform and non-uniform scaling methods. He found that the anatomical differences between men and womedchildren only explained part of the fonnant differences. Our experiment [9] based on the VT shapes measured from the MR images of a male, a female and a child also showed nearly the same result as Nordstrom. This work tries togather detailed data and knowledge about the VT shapes of individual speakers and to find important factors of the VT that contribute to differences of the formant frequencies. 
VT Dimensions Along the Center Line
To see dimensional individualities in the VT of the subjects, the VT length was divided into three sections: the oral section (from the lips to the top of the uvula), the pharyngeal section (from the top of the uvula to the top of the epiglottis) and the laryngeal section (from the top of the epiglottis to the glottis). A length of each of the three sections was measured from the mid-sagittal MR image. Then a percentage of each section to the whole VT length was calculated. Figure 1 gives a schematic illustration to measure the lengths.
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FUNCTIONS
To find the V T dimensions that primarily contribute to differences of the formant frequencies, experiments were performed on the normalization of the area function. Three normahition methods .
(see Figure 2) wen applied with respect to the VT length for each of the vowels:
1. A VT length was uniformly scaled to that of the reference.
2. Lengths of the three VT sections were individually normalized to those of the reference using measured ratios of the corresponding sections.
3. A VT length was first uniformly scaled and the oral cavity volume was then adjusted so as to be the same as that of the reference.
Formant frequencies were computed from the normalized area functions and compared with those of the reference.
VT Dimensions
Percentages of each of the three VT section lengths to the whole VT length are shown for six subjeas in Table 1 , where each item represents the average for the five Japanese vowels. In Table 1 In Table 1 , variations of the percentage are relatively larger among the males than the females. The main reason for this is that there is a big difference of the laryngeal height among the male subjects.
This can be observed from the mid-sagittal MR images. 
Area Functions and Formant Frequencies
Area functions of /a/, /i/ and /U/ are shown in Figure 3 for the males MA and MB. 
